Introduction {#S0001}
============

Glioblastoma (GBM) is a common and fatal malignant tumor of the central nervous system.[@CIT0001] The median survival of GBM patients using standard therapy is approximately 12--15 months, and the 5-year survival rate is only about 5% in the world.[@CIT0002] At present treatment for patients with GBM mainly includes surgical resection, radiotherapy, and chemotherapy.[@CIT0003]--[@CIT0005] Evidence suggests that high cell proliferation, migration, and invasiveness are the major obstacles for the effective treatment of GBM.[@CIT0006] The invasive growth and dispersed nature of GBM together with high recurrence frequency contribute to poor disease prognosis.[@CIT0007] Therefore, it is imperative to explore the potential mechanism underlying GBM development and design novel therapeutic strategies for GBM treatment.

Long-noncoding RNAs (lncRNAs) are known to serve as pivotal regulators in the occurrence and development of malignant tumors,[@CIT0008],[@CIT0009] including GBM. For instance, the lncRNA HOTAIR functions as a regulator of cell cycle and proliferation in human GBM.[@CIT0010] In addition, the lncRNA MALAT1 is known to play the role of a tumor suppressor in the progression of GBM by downregulating the expression of matrix metalloproteinase 2 and inactivating extracellular signal-regulated kinase (ERK)/mitogen-activated protein kinase (MAPK) signaling.[@CIT0011] FYVE, RhoGEF, and PH domain containing 5 antisense RNA 1 (FGD5-AS1) has been found to be involved in several human malignancies. For instance, Ding et al[@CIT0012] speculated FGD5-AS1 as a plausible therapeutic target for colorectal cancer, and Liu et al[@CIT0013] revealed the ability of FGD5-AS1 to facilitate the progression of oral squamous cell carcinoma by targeting miR-520b. Moreover, FGD5-AS1 has been reported to accelerate the proliferation of non-small cell lung carcinoma (NSCLC) cells by regulating the hsa-miR-107/fibroblast growth factor receptor-like 1 (FGFRL1) axis.[@CIT0014] Nevertheless, the biological function and mechanism of FGD5-AS1 in GBM have been rarely studied.

Several lncRNAs have been shown to act as competitive endogenous RNAs (ceRNAs) and sponge certain microRNAs (miRNAs) in biological processes related to cancers such as GBM. For instance, *SNHG1* contributes to the progression of glioma by sponging miR-194 to regulate the expression of pleckstrin homology like domain family A member 1 (PHLDA1).[@CIT0015] In addition, ZNFX1 antisense RNA 1 (*ZFAS1*) is known to promote the progression of GBM by modulating the miR-150-5p/proteolipid protein 2 (PLP2) axis,[@CIT0016] and miR-103a-3p is reported to contribute to tumor growth in many human cancers such as gastric cancer,[@CIT0017] oral squamous cell carcinoma,[@CIT0018] and colorectal cancer.[@CIT0019] In addition, a recent study showed that miR-103a-3p is a pivotal regulator in GBM progression.[@CIT0020] Yu et al[@CIT0021] discovered that linc00152 contributes to the progression of GBM stem cells via modulation of the miR-103a-3p/FEZ family zinc finger 1 (FEZF1)/cell division cycle 25A (CDC25A) axis. However, the relationship between FGD5-AS1 and miR-103a-3p in GBM is yet unclear.

Tumor protein D52 (TPD52) plays different roles in various types of malignancies[@CIT0022] and was recently found to be regulated by specific miRNAs implicated in cancer progression, including miR-224,[@CIT0023] miR-34a,[@CIT0024] and miR-218.[@CIT0025] Li et al[@CIT0024] found that miR-34a impedes cell migration and invasion in breast cancer by directly targeting TPD52. Further, Lu et al[@CIT0025] showed that highly upregulated in liver cancer (HULC) contributes to the progression of cervical cancer by modulating the miR-218/TPD52 axis. However, the relationship among FGD5-AS1, miR-103a-3p, and TPD52 is yet unknown.

In the present study, we first measured the expression level of FGD5-AS1 in GBM tissues and cells, and assessed the effect of FGD5-AS1 silencing on the viability, migration, and invasion of GBM cells. Next, the regulatory interactions among FGD5-AS1, miR-103a-3p, and TPD52 in GBM progression were investigated. Finally, an in vivo experiment was performed to validate the effect of FGD5-AS1 on GBM tumorigenesis. Our findings revealed a promising therapeutic target for GBM.

Materials and Methods {#S0002}
=====================

Tissue Samples {#S0002-S2001}
--------------

Tumor tissues were collected from 30 patients with GBM (16 male and 14 female; GBM group), and paired normal brain tissues were used as controls (Normal group). These patients were admitted to our hospital from January 2015 to December 2017, and did not receive radiotherapy or chemotherapy before surgery. Informed consent was obtained from all patients. This research was approved by the ethics committee of our hospital.

Cell Culture {#S0002-S2002}
------------

Human GBM cell lines, A172, U87, U251, T98G, and LN229, and normal human astrocyte (NHA) cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). All these cells have no pollution and mycoplasma contamination. All cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; GIBCO, Carlsbad, CA, USA) supplemented with 10% (v/v) fetal bovine serum (FBS) (GIBCO) in a humidified incubator at 37°C.

Cell Transfection {#S0002-S2003}
-----------------

U251 and U87 cells were seeded in 24-well plates at a density of 1 × 10^5^ cells/well and maintained for 24 h at 37°C. Small-interfering RNAs (siRNAs) targeting FGD5-AS1 (si-FGD5-AS1-1 and si-FGD5-AS1-2) and the corresponding negative control (si-NC) were obtained from GenePharma Co., Ltd (Shanghai, China). An overexpression plasmid of miR-103a-3p (miR-103a-3p) and negative control (miR-NC) as well as an miR-103a-3p inhibitor (miR inhibitor) and a negative control (inhibitor-NC) were obtained from GenePharma. U251 and U87 cells were infected with the oligonucleotides stated above using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Cells without transfection were regarded as the blank group. To investigate the interaction between FGD5-AS1-1 and miR-103a-3p, U251 and U87 cells were co-transfected with si-FGD5-AS1 or si-NC and miR inhibitor or inhibitor-NC using Lipofectamine 2000.

pcDNA-TPD52 (TPD52) and negative control (pcDNA-NC) were purchased from GenePharma. To explore whether TPD52 was involved in the role of FGD5-AS1 in GBM, U251 cells were co-transfected with si-FGD5-AS1 or si-NC and pcDNA-NC or pcDNA-TPD52 using Lipofectamine 2000. Cells were analyzed after 48 h of transfection.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2004}
----------------------------------------------------------

Total RNA was extracted from GBM cells and tissues using an miRNeasy Mini Kit (Qiagen, Duesseldorf, Germany), and 5 μL RNA was reverse transcribed into complementary DNA (cDNA) using Takara PrimeScript RT reagent kit with gDNA Eraser (Takara, Otsu, Japan). qRT-PCR was performed on an ABI 7500HT Fast Real-Time PCR System (Applied Biosystems, Waltham, MA, USA) under the following reaction conditions: an initial step at 95°C for 10 min, followed by 40 cycles of 95°C for 10 s, 60°C for 20 s, and 72°C for 34 s. The 2^−ΔΔCT^ method was used to analyze data. *GAPDH* and *U6* were used for normalization. The primer sequences used were as follows: lncRNA FGD5-AS1, 5′-CGTGGAGAAGAATTGGGC-3′ (forward) and 5′-CGTGGAGAAGAATTGGGC-3′ (reverse); miR-103a-3p, 5′-AGCAGCATTGTACAGGGCTATG-3′ (forward) and 5′-CTCTACAGCTATATTGCCAGCCAC-3′ (reverse); TPD52, 5′-GAGGAAGGAGAAGATGTTGC-3′ (forward) and 5′-GCCGAATTCAAGACTTCTCC-3′ (reverse); GAPDH, 5′-CCAGGTGGTCTCCTCTGACTT-3′ (forward) and 5′-GTTGCTGTAGCCAAATTCGTTGT-3′ (reverse); U6, 5′-CTCGCTTCGGCAGCACA-3′ (forward) and 5′-AACGCTTCACGAATTTGCGT-3′ (reverse).

Dual-Luciferase Reporter Gene (DLR) Assay {#S0002-S2005}
-----------------------------------------

The binding site between miR-103a-3p and FGD5-AS1 was predicted by StarBase, while that between miR-103a-3p and TPD52 was predicted by TargetScan. The sequences of FGD5-AS1 WT and TPD52 WT were synthetized in accordance with the binding site and the corresponding sequences of FGD5-AS1 Mut and TPD52 Mut were synthetized on the basis of FGD5-AS1 WT and TPD52 WT. FGD5-AS1 WT/Mut and TPD52 WT/Mut were inserted into a pmirGLO dual-luciferase vector (Promega, Madison, WI, USA) to generate pmirGLO-FGD5-AS1 WT/Mut and pmirGLO-TPD52 WT/Mut, respectively. U251 and U87 cells were co-transfected with pmirGLO-FGD5-AS1 WT/Mut and miR-103a-3p mimics/mimics NC, or co-transfected with pmirGLO-TPD52 WT/Mut and miR-103a-3p mimics/mimics NC/miR-103a-3p + FGD5-AS1 using Lipofectamine 2000. After 48 h, the DLR assay system (Promega) was used to detect luciferase activity.

3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium Bromide (MTT) Assay {#S0002-S2006}
-----------------------------------------------------------------------------

Cells were cultured in 96-well plates at a density of 6 × 10^3^ cells/well for 0, 24, 48, and 72 h. Following incubation, 20 μL MTT reagent (5 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) was added into each well and the plates were incubated for 4 h. Next, 150 μL dimethyl sulfoxide (DMSO) was added to terminate the reaction. Absorbance at 450 nm (A450) was measured using a microplate reader (Applied Biosystems).

Wound Healing Assay {#S0002-S2007}
-------------------

Cells were seeded into six-well plates (5 × 10^5^ cells/well) and an artificial scratch was created using a 10 μL pipette tip once they reached 90% confluency. Cells were cultured for 24 h and then observed under an inverted microscope (Olympus). Wound healing rate was calculated from the fraction of cell coverage across the line.

Transwell Invasion Analysis {#S0002-S2008}
---------------------------

Cell invasion was examined using transwell membranes (BD, Franklin Lakes, NJ, USA) coated with Matrigel and a serum-free medium. First, 1 × 10^5^ cells were cultured in the upper chamber in 100 μL medium, while 500 μL medium containing 10% FBS was added as a chemoattractant to the lower chamber. After incubation for 48 h, invasive cells were stained with crystal violet for 10 min. Positively stained cells at five random fields were counted under a microscope (Olympus).

Xenograft Tumor Model {#S0002-S2009}
---------------------

All experimental procedures were conducted according to the Chinese legislation regarding experimental animals. Male nude mice (BALB/c), 4-weeks-old, were obtained from HFK Bioscience Co., Ltd (Beijing, China). Mice were randomly divided into three groups as follows: Blank, si-NC, and si-FGD5-AS1 (N = 5 mice each group). U251 cells transfected with si-FGD5-AS1/si-NC (1 × 10^6^ cells/nude mice) were subcutaneously injected into the left axilla of mice. The longest (L) and shortest (W) diameters of xenografted tumors were measured using a Vernier caliper every 7 days after injection. Tumor volume was calculated using the following formula: V = L × W^2^/2. After the last measurement on week 4 post-injection, mice were anesthetized by an intraperitoneal injection of sodium pentobarbital (80 mg/kg) and sacrificed by cervical dislocation. Xenografted tumors were completely excised and weighed. The expression of FGD5-AS1, miR-103a-3p, and TPD52 in xenografted tumors was detected by qRT-PCR as mentioned above.

Statistical Analysis {#S0002-S2010}
--------------------

All assays were conducted at least three times and all data were analyzed using SPSS 22.0 statistical software and GraphPad Prism 7.0. Data are presented as means ± standard deviation (SD). Student's *t*-test was performed to compare significant differences between two groups, while a one-way analysis of variance (ANOVA) followed by Tukey's post hoc test was used to compare more than two groups. Differences were regarded statistically significant at P \< 0.05.

Results {#S0003}
=======

The lncRNA FGD5-AS1 Was Overexpressed in GBM {#S0003-S2001}
--------------------------------------------

To study the functional role of FGD5-AS1 in GBM, we first analyzed FGD5-AS1 expression in The Cancer Genome Atlas (TCGA) and found it to be upregulated in GBM tissues (n = 163) as compared to that in normal tissues (n = 207) (P \< 0.05, [Figure 1A](#F0001){ref-type="fig"}). To validate the data obtained from TCGA, the expression of FGD5-AS1 was analyzed in 30 GBM tissues and paired normal tissues by qRT-PCR. FGD5-AS1 expression was markedly elevated in GBM tissues than in normal tissues (P \< 0.001, [Figure 1B](#F0001){ref-type="fig"}). We investigated the relationship between the expression of FGD5-AS1 and clinicopathological features of patients with GBM. As shown in [Table 1](#T0001){ref-type="table"}, no association was observed between FGD5-AS1 expression and age, gender, tumor diameter, and resection degree ([Table 1](#T0001){ref-type="table"}). Further, the expression of FGD5-AS1 was found to be upregulated in GBM cell lines (U251, L229, U87, T98G, and A172) as compared with that in NHAs (P \< 0.01, [Figure 1C](#F0001){ref-type="fig"}). U251 and U87 cells with FGD5-AS1 expression relatively higher than other cell lines were used for further experiments.Table 1The Relationship Between FGD5-AS1 Expression and Clinicopathological Features of Patients with Glioblastoma (GBM)CharacteristicsNLow Expression of lncRNA FGD5-AS1 (N =14)High Expression of lncRNA FGD5-AS1 (N =16)P value**Age** \<50 years15690.464 ≥50 years1587**Gender** Male16880.696 Females1468**Diameter** \<5cm12570.654 ≥5cm1899**Resection degree** Total resection198110.510 Subtotal resection1165 Figure 1The expression of FGD5-AS1 in glioblastoma (GBM) tissues and cells. (**A**) Relative expression of FGD5-AS1 in GBM tissues and normal tissues based on The Cancer Genome Atlas (TCGA) ([<http://gepia.cancer-pku.cn/index.html>]{.ul}). (**B**) Quantitative real-time polymerase chain reaction (qRT-PCR) was employed to assess the expression of FGD5-AS1 in 30 paired GBM tissues and normal tissues. (**C**) qRT-PCR was employed to assess the expression of FGD5-AS1 in GBM cell lines and normal human astrocyte (NHA) cells. \*P \< 0.05 vs Normal (**A**); \*\*P \< 0.01 vs NHA (**C**).

Silencing of FGD5-AS1 Expression Impeded the Proliferation, Migration, and Invasion of GBM Cells {#S0003-S2002}
------------------------------------------------------------------------------------------------

To evaluate the effect of FGD5-AS1 silencing on the progression of GBM, the expression of FGD5-AS1 was silenced by transfection of si-FGD5-AS1 into U251 and U87 cells. RT-qPCR revealed the remarkable decrease in FGD5-AS1 expression level in si-FGD5-AS1-1/2 groups as compared with that in the blank group (P \< 0.01, [Figure 2A](#F0002){ref-type="fig"}). Transfection of si-NC had no effect on FGD5-AS1 expression. Considering the better inhibitory effects observed with si-FGD5-AS1-1, we used this siRNA for subsequent experiments. As shown in [Figure 2B](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}, the viability, migration, and invasion of cells remarkably declined following si-FGD5-AS1 treatment as compared with the effects observed in the blank group (P \< 0.01). No remarkable difference was noticed between si-NC and blank groups. Taken together, silencing of FGD5-AS1 expression resulted in a decrease in the viability, migration, and invasion of GBM cells.Figure 2Silencing of FGD5-AS1 suppressed the viability, migration and invasion of glioblastoma (GBM) cells. (**A**) Transfection efficiency of si-FGD5-AS1-1/2 and si-NC in U251 and U87 cells was detected by quantitative real-time polymerase chain reaction (qRT-PCR). (**B**) 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay was applied to assess the viability of U251 and U87 cells. (**C**) The migration rate of U251 and U87 cells was evaluated by wound healing assay. (**D**) Transwell assay was utilized to measure the invasion rate of the U251 and U87 cells. Scar bar = 100 μm, magnification 400×. Blank, U251 or U87 cells without transfection; si-NC, U251 or U87 cells transfected with siRNA negative control; si-FGD5-AS1-1/2, U251 or U87 cells transfected with si-FGD5-AS1-1/2. \*P \< 0.05, \*\*P \< 0.01 vs Blank.

FGD5-AS1 Acted as a Sponge for miR-130-3p in GBM Cells {#S0003-S2003}
------------------------------------------------------

We used the StarBase online database and found miR-103a-3p as a potential target gene for FGD5-AS1. The binding site was found to be in the 3′-untranslated region (UTR) of FGD5-AS1 ([Figure 3A](#F0003){ref-type="fig"}). The expression of miR-103a-3p was found to be upregulated in si-FGD5-AS1--transfected U251 and U87 cells as compared with that in the blank group (P \< 0.01, [Figure 3B](#F0003){ref-type="fig"}). To validate the target relationship between FGD5-AS1 and miR-103a-3p, a DLR assay was performed using U87 and U251 cells. We found that miR-103a-3p mimics markedly declined the luciferase activity of FGD5-AS1 WT but had no influence on the luciferase activity of FGD5-AS1 Mut (P \< 0.01, [Figure 3C](#F0003){ref-type="fig"}). We also found that miR-103a-3p expression was downregulated in GBM tissues (P \< 0.001, [Figure 3D](#F0003){ref-type="fig"}). Spearman correlation analysis revealed an inverse association between the relative expression of FGD5-AS1 and miR-103a-3p (r = −0.4224, P \< 0.01, [Figure 3E](#F0003){ref-type="fig"}). Further, miR-103a-3p expression was also downregulated in GBM cell lines (P \< 0.01, [Figure 3F](#F0003){ref-type="fig"}). Taken together, FGD5-AS1 acted as a sponge and reversely modulated the expression of miR-130-3p in GBM cells.Figure 3FGD5-AS1 functioned as a sponge for microRNA-130-3p (miR-130-3p) in glioblastoma (GBM) cells. (**A**) The binding site between FGD5-AS1 and miR-103a-3p was predicted by Starbase. (**B**) The expression of miR-103a-3p in transfected U251 and U87 cells. (**C**) Duel luciferase reporter gene assay was employed to verify the target relationship between FGD5-AS1 and miR-103a-3p. (**D**) The expression of miR-103a-3p in 30 paired GBM tissues and normal tissues. (**E**) Spearman correlation analysis was performed to evaluate the relationship between the expression of FGD5-AS1 and miR-103a-3p. (**F**) The expression of miR-103a-3p in GBM cell lines and normal human astrocyte (NHA) cells. Blank, U251 or U87 cells without transfection; si-NC, U251 or U87 cells transfected with siRNA negative control; si-FGD5-AS1-1/2, U251 or U87 cells transfected with si-FGD5-AS1-1/2. \*\*P \< 0.01 vs Blank (**B**); vs mimics NC (**C**); vs NHA (**F**).

Inhibition of miR-103a-3p Expression Abrogated the Effect of FGD5-AS1 Silencing on the Viability, Migration, and Invasion of GBM Cells {#S0003-S2004}
--------------------------------------------------------------------------------------------------------------------------------------

To evaluate the biological role of miR-103a-3p in GBM, we overexpressed miR-103a-3p by transfection with miR-103a-3p or downregulated its expression using an miR-103a-3p inhibitor. qRT-PCR revealed a marked elevation in miR-103a-3p expression in miR-103a-3p treatment group and a consistent decrease in miR-103a-3p inhibitor group as compared with that in the blank group (P \< 0.01, [Figure 4A](#F0004){ref-type="fig"}). To study the mechanism underlying the effects of FGD5-AS1 and miR-103a-3p in GBM cells, si-NC or si-FGD5-AS1 was co-transfected with miR-103a-3p inhibitor or inhibitor NC into U251 and U87 cells. The results of MTT analysis showed that cell viability markedly increased in si-NC + miR inhibitor group but significantly declined in si-FGD5-AS1 + inhibitor NC group as compared with that in si-NC + inhibitor NC group (P \< 0.01, [Figure 4B](#F0004){ref-type="fig"}). In comparison with si-NC + inhibitor NC group, si-NC + miR inhibitor group showed a marked increase in the relative migration and invasion of cells, which remarkably decreased in si-FGD5-AS1 + inhibitor NC group (P \< 0.01; [Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). Treatment with miR-103a-3p inhibitor resulted in the abrogation of the inhibitory effect of si-FGD5-AS1 on the viability, migration, and invasion of GBM cells.Figure 4Silencing of microRNA-130-3p (miR-130-3p) eliminated the effects of FGD5-AS1 inhibition on the viability, migration and invasion of glioblastoma (GBM) cells. (**A**) The expression of miR-103a-3p in transfected U251 and U87 cells. (**B**) 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay was performed to assess the viability of co-transfected U251 and U87 cells. (**C**) The migration rate of co-transfected U251 cells was detected by wound healing assay. (**D**) The invasion rate of co-transfected U251 cells was detected by transwell assay. Scar bar = 100 μm, magnification 400×. Blank, U251 or U87 cells without transfection; miR-NC, U251 or U87 cells transfected with miRNA negative control; miR-103a-3p, U251 or U87 cells transfected with miR-103a-3p mimics; inhibitor NC, U251 or U87 cells transfected with inhibitor negative control; miR-103a-3p inhibitor, U251 or U87 cells transfected with miR-103a-3p inhibitor; si-NC + inhibitor NC, U251 or U87 cells co-transfected with si-NC and inhibitor NC; si-NC + miR inhibitor, U251 or U87 cells co-transfected with si-NC and miR inhibitor; si-FGD5-AS1 + miR inhibitor, U251 or U87 cells co-transfected with si-FGD5-AS1 and miR inhibitor; si-FGD5-AS1 + inhibitor NC, U251 or U87 cells co-transfected with si-FGD5-AS1 and inhibitor NC. \*\*P \< 0.01 vs Blank (**A**); \*\*P \< 0.01 vs si-NC + inhibitor NC, ^\#\#^P \< 0.01 vs si-NC + miR inhibitor (**B**--**D**).

miR-103a-3p Directly Targeted TPD52 {#S0003-S2005}
-----------------------------------

To reveal the mechanism underlying the function of miR-103a-3p in GBM, we performed TargetScan analysis to explore the target genes of miR-103a-3p. A binding site was predicted between miR-103a-3p and TPD52 by TargetScan ([Figure 5A](#F0005){ref-type="fig"}). DLR assay showed that miR-103a-3p expression remarkably decreased the luciferase activity of TPD52 WT, and this effect was partially reversed by FGD5-AS1 (P \< 0.05, [Figure 5B](#F0005){ref-type="fig"}). To study the relationship between FGD5-AS1, miR-103a-3p, and TPD52, we co-transfected U251 and U87 cells with si-NC/si-FGD5-AS1 and inhibitor NC/miR-103a-3p inhibitor (miR inhibitor). The expression of TPD52 was markedly upregulated in si-NC + miR inhibitor group but significantly decreased in si-FGD5-AS1 + inhibitor NC group as compared with that in si-NC + inhibitor NC group. si-FGD5-AS1 reversed the effect of miR inhibitor on TPD52 expression (P \< 0.01, [Figure 5C](#F0005){ref-type="fig"}). qRT-PCR indicated the overexpression of TPD52 in GBM tissues as compared with that in normal tissues (P \< 0.001, [Figure 5D](#F0005){ref-type="fig"}). As shown in [Figure 5E](#F0005){ref-type="fig"} and [F](#F0005){ref-type="fig"}, TPD52 expression was negatively associated with miR-103a-3p expression (r = −0.3777, P \< 0.01) and FGD5-AS1 and TPD52 expression showed a positive association (r = 0.3069, P \< 0.05). Further, miR-103a-3p could directly target TPD52 and the effect of miR-103a-3p expression inhibition on the level of TPD52 was partially counteracted by FGD5-AS1 silencing.Figure 5MicroRNA-130-3p (miR-130-3p) directly targeted tumor protein D52 (TPD52). (**A**) The binding site between miR-103a-3p and TPD52 was predicted by targetScan. (**B**) Dual-luciferase reporter gene assay was performed to verify the target relationship between miR-103a-3p and TPD52. (**C**) The expression of TPD52 in co-transfected U251 and U87 cells. (**D**) The expression of TPD52 in 30 paired glioblastoma (GBM) tissues and normal tissues. (**E**) Spearman correlation analysis was performed to evaluate the relationship between the expression of miR-103a-3p and TPD52 (**F**) Spearman correlation analysis was performed to evaluate the relationship between the expression of FGD5-AS1 and TPD52. si-NC + inhibitor NC, cells co-transfected with si-NC and inhibitor NC; si-NC + miR inhibitor, cells co-transfected with si-NC and miR inhibitor; si-FGD5-AS1 + miR inhibitor, cells co-transfected with si-FGD5-AS1 and miR inhibitor; si-FGD5-AS1 + inhibitor NC, cells co-transfected with si-FGD5-AS1 and inhibitor NC. \*P \< 0.05, \*\*P \< 0.01 vs mimics-NC, ^\#^P \< 0.05 vs miR-103a-3p (**B**); \*\*P \< 0.01 vs si-NC + inhibitor NC (**C**).

Overexpression of TPD52 Partly Eliminated the Action of FGD5-AS1 Silencing on the Viability, Migration, and Invasion of GBM Cells {#S0003-S2006}
---------------------------------------------------------------------------------------------------------------------------------

Considering that TPD52 is a target gene of miR-103a-3p, the effect of miR-103a-3p inhibition on TPD52 expression was partially counteracted by FGD5-AS1 silencing. To study whether TPD52 participates in the effect mediated by FGD5-AS1 in GBM, U251 and U87 cells were co-transfected with si-FGD5-AS1 or si-NC and pcDNA-TPD52 (TPD52) or pcDNA-NC. As shown in [Figure 6A](#F0006){ref-type="fig"}, TPD52 expression was downregulated in si-FGD5-AS1 + pcDNA-NC group but markedly increased in si-NC + TPD52 group as compared with that in si-NC + pcDNA-NC group (P \< 0.01). The inhibitory effect of si-FGD5-AS1 on the expression of TPD52 was partly reversed by pcDNA-TPD52. As shown in [Figure 6B](#F0006){ref-type="fig"}--[D](#F0006){ref-type="fig"}, cell viability, migration, and invasion rate markedly decreased in si-FGD5-AS1 + pcDNA-NC group but significantly increased in si-NC + TPD52 group (P \< 0.01). Further, pcDNA-TPD52 partly eliminated the inhibitory effect of si-FGD5-AS1 on the viability, migration, and invasion of U251 cells. Thus, silencing of FGD5-AS1 expression may result in the inhibition of the viability, migration, and invasion of U251 cells through the downregulation of TPD52 expression.Figure 6Overexpression of TPD52 partly eliminated the effects of FGD5-AS1 silencing on the viability, migration and invasion of glioblastoma (GBM) cells. (**A**) The expression of TPD52 in co-transfected U251 and U87 cells. (**B**) 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay was performed to assess the viability of co-transfected U251 cells. (**C**) The migration rate of co-transfected U251 cells was detected by wound healing assay. (**D**) The invasion rate of co-transfected U251 cells was detected by transwell assay. Scar bar = 100 μm, magnification 400×. si-NC + pcDNA-NC, U251 or U87 cells co-transfected with si-NC and pcDNA-NC; si-FGD5-AS1+ pcDNA-NC, U251 or U87 cells co-transfected with si-FGD5-AS1 and pcDNA-NC; si-FGD5-AS1 + TPD52, U251 or U87 cells co-transfected with si-FGD5-AS1 and pcDNA- TPD52; si-NC + AGFG1, U251 or U87 cells co-transfected with si-NC and pcDNA- TPD52. \*P \< 0.05, \*\*P \< 0.01 vs si-NC + pcDNA-NC; ^\#^P \< 0.05 vs si-FGD5-AS1+ pcDNA-NC.

Silencing of FGD5-AS1 Expression Suppressed GBM Tumor Growth in vivo {#S0003-S2007}
--------------------------------------------------------------------

To explore the effects of FGD5-AS1 expression on GBM tumorigenesis in vivo, U251 cells transfected with si-FGD5-AS1 were subcutaneously injected into mice. As presented in [Figure 7A](#F0007){ref-type="fig"} and B, tumor volumes and weights remarkably decreased in si-FGD5-AS1 group as compared with those in the blank group (P \< 0.05). Further, a significant decrease in the expression of both FGD5-AS1 and TPD52 was observed, consistent with a remarkable increase in the expression of miR-103a-3p in si-FGD5-AS1 group as compared with that in the blank group (P \< 0.01, [Figure 7C](#F0007){ref-type="fig"}). Transfection of si-NC had no effect on tumor volume, tumor weight, and FGD5-AS1, miR-103a-3p, and TPD52 expression as compared with the blank group. Taken together, silencing of FGD5-AS1 expression resulted in the suppression of GBM tumor growth in vivo through the modulation of the miR-103a-3p/TPD52 axis.Figure 7Silencing of FGD5-AS1 suppressed the growth of xenograft tumor in vivo. (**A**) The tumor volume was measured every 7 days. (**B**) The tumor weight was measured at 4 weeks after injection. (**C**) The expression of FGD5-AS1, microRNA-130-3p (miR-130-3p) and tumor protein D52 (TPD52) in the tumor tissues of mice. Blank, mice injected with U251 cells without transfection; si-NC, mice injected with U251 cells transfected with si-RNA negative control; si-FGD5-AS1, mice injected with U251 cells transfected with si-FGD5-AS1. \*P \< 0.05, \*\*P \< 0.01 vs Blank.

Discussion {#S0004}
==========

Recent evidence suggests the critical role of lncRNAs in the progression and development of human malignancies, including GBM. Here, we studied the biological function of FGD5-AS1 and its mechanism of action in GBM. FGD5-AS1 is associated with cancer progression; it is overexpressed in colorectal cancer tissues and cells, wherein knockdown of FGD5-AS1 expression resulted in the repression of cell proliferation, migration, and invasion and induction of apoptosis.[@CIT0012] Fan et al[@CIT0014] revealed the overexpression of FGD5-AS1 in NSCLC, where it promotes cell proliferation. In the present study, the effect of FGD5-AS1 on the progression of GBM was in line with that reported in the abovementioned cancers. We found that FGD5-AS1 expression was upregulated in GBM tissues and cells and that FGD5-AS1 silencing could suppress the viability, migration, and invasion of GBM cells. Our findings reveal the potential oncogenic role of FGD5-AS1 in GBM.

Studies have shown that lncRNAs can act as ceRNAs and modulate the expression of their target genes by sponging miRNAs.[@CIT0026]--[@CIT0028] Here, we demonstrate that miR-103a-3p, found to be dysregulated in various human tumors such as osteosarcoma tissues (upregulation)[@CIT0029] and glioma (downregulation),[@CIT0021] is a target gene of FGD5-AS1. Our data show that miR-103a-3p expression was downregulated in GBM tissues, as reported in previous studies. miR-103a-3p is thought to exert antitumor effects in different tumors such as bladder cancer[@CIT0030] and glioma.[@CIT0031] Notably, miR-103a-3p may act as a target gene for many lncRNAs in human tumors. Tang et al[@CIT0032] found that AFAP1-AS1 functions as a ceRNA for miR-103a-3p and promotes the proliferation of pituitary adenoma cells. Yu et al[@CIT0021] also showed the linc00152-mediated malignant progression of glioma stem cells via sponging of miR-103a-3p. However, the relationship between FGD5-AS1 and miR-130-3p in GBM is yet unclear. Here, we found that miR-130-3p is a target gene of FGD5-AS1 and that silencing miR-103a-3p expression resulted in the abrogation of the inhibitory effects of si-FGD5-AS1 on the viability, migration, and invasion of GBM cells. Our data reveal that the silencing of FGD5-AS1 expression may result in the inhibition of the progression of GBM through the sponging of miR-103a-3p.

TPD52 is a coiled-coil motif-bearing protein that plays a regulatory role in tumor progression. Previous studies have shown the upregulated expression of TPD52 and its function as a tumor promoter in prostate cancer,[@CIT0033] colorectal cancer,[@CIT0034] lung squamous cell carcinoma,[@CIT0035] and breast cancer.[@CIT0024] Dasari et al[@CIT0033] showed that TPD52 overexpression promotes the migration and proliferation of prostate cancer cells, while Kumamoto et al[@CIT0035] revealed the suppressive effect of TPD52 knockdown on the migration and invasion of lung squamous cell carcinoma cells. On the contrary, TPD52 is also identified as a tumor suppressor in renal cell carcinoma and hepatocellular carcinoma, as downregulation of TPD52 expression was associated with the poor prognosis of hepatocellular carcinoma.[@CIT0036] Zhao et al[@CIT0037] demonstrated the inhibitory effect of TPD52 overexpression on the proliferation, migration, and invasion of renal cell carcinoma cells. However, the specific regulatory role of TPD52 in GBM is yet questionable. We, here, show that TPD52 expression was upregulated in GBM tissues, consistent with its expression in prostate cancer, colorectal cancer, lung squamous cell carcinoma, and breast cancer. Our findings indicate that TPD52 may function as an oncogene in GBM. As the function of TPD52 is different in different cancers, further research is warranted on the regulatory effect and mechanism of action of TPD52 in different cancers.

TPD52 acts as a target of several miRNAs in different tumors. For instance, Han et al[@CIT0038] showed that miR-218 suppresses cell growth and facilitates cell apoptosis in prostate cancer by inhibiting TPD52 expression. Zhang et al[@CIT0039] revealed the anti-proliferative and apoptotic effects of miR-224-5p on GBM cells mediated via the downregulation of TPD52 expression. In line with these studies, we show that TPD52 is a target of miR-103a-3p. TPD52 expression negatively correlated with FGD5-AS1 level and TPD52 prevented the antitumor effects of FGD5-AS1 silencing on U251 cells. Thus, the silencing of FGD5-AS1 expression may result in the inhibition of the progression of GBM through the regulation of the miR-103a-3p/TPD52 axis. The regulatory mechanism associated with the FGD5-AS1/miR-103a-3p/TPD52 axis was further validated in our in vivo experiments.

This study has a few limitations. First, the regulatory effects of the FGD5-AS1/miR-103a-3p/TPD52 axis on GBM stem cells were not evaluated. GBM stem cell may be a better representative of human GBM, and the detection of protein expression of TPD52 in GBM stem cell lines may be reflective of the regulatory role of this protein in GBM. Second, the downstream signaling pathways associated with the FGD5-AS1/miR-103a-3p/TPD52 axis in GMB are still unclear. Third, the small clinical samples lead to a possible statistical error, and further studies with larger number of samples are warranted to confirm these results.

Conclusions {#S0005}
===========

FGD5-AS1 expression was upregulated in GBM tissues and cells, and silencing of FGD5-AS1 expression resulted in the suppression of the viability, migration, and invasion of GBM cells through the regulation of the miR-130-3p/TPD52 axis. Further, FGD5-AS1 silencing also inhibited the growth of GBM tumor in vivo. Our findings highlight the FGD5-AS1/miR-103a-3p/TPD52 axis as a potential therapeutic target for GBM.
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